Abstract It has been widely reported a vascular and neurologic damage of the lumbar muscles produced in the classic posterior approach for lumbar spinal fusions.
Introduction
Lumbar spinal fusion is a standardized and widely accepted procedure in the treatment of discogenic back pain, when the conservative treatments have failed [2, 3, 11, 38, 39, 45] . The clinical results of lumbar circumferential fusions (anterior lumbar interbody fusion (ALIF) ? posterior fusion [5, 43] or 360°posterolateral interbody fusion/ transforaminal interbody fusion (PLIF/TLIF) fusion [1, 14, 16, 27, 45] ) are substantially better than the obtained with posterolateral arthrodesis with pedicle screws. However, the high rate of complications and the surgical risks associated to these double approaches (anterior and posterior) lead us to make these circumferential fusions with a single posterior approach PLIF [6, 33, 46] or TLIF [15, 26, 38] . For the PLIF technique a bilateral approach to the disc is necessary, but the TLIF technique is available with a single one, using a one-side total or subtotal facetectomy to achieve an intersomatic fusion with guarantees [1, 40] with less neural retraction and postoperative epidural scar [1, 17, 22, 26, 33] .
It has been widely reported in previous studies, a vascular and neurologic damage of the lumbar muscles produced in the classic posterior approach [11, 12, 21, 22, 29, 35, 41, 42] . With minimally invasive approaches it is possible to avoid this muscular damage and to achieve a circumferential fusion. The minimally invasive TLIF procedure was first described by Foley et al. [10] in order to minimize the paraspinous muscle injury that occurs with traditional open procedures. The intersomatic fusion can be performed using a PLIF [23, 33] or a TLIF technique [7, 8, 10, 18-20, 30, 32, 40] . The insertion of pedicle screws can be made percutaneously [18, 19, 23, 33, 40] , or with a mini-open approach assisted by special retractors (Xtube and Quadrant Ò ) (Medtronic Sofamor Danec, Memphis, TN, USA) [7, 13, 30] or others [20, 31, 32, 44] .
The potential advantages of these mini-open approaches in opposition to the classic medial approach are: smaller scars, reduced intra-and postoperative blood loss, lesser transfusion requirements, reduced analgesic and narcotic use in the immediate postoperative period and shortened hospital stay [7, 10, 13, 18-20, 33, 40, 44] . All these advantages are strengthened because the short-term clinical results are usually better when compared to the ones obtained with the classical techniques in the few studies found in the literature [19, 20, 33] . The limitations of these new techniques are the learning curve, longer time of surgery and more exposition to X rays [7, 10, 18-20, 31, 40] .
Mini-invasive approaches, besides a minor cutaneous incision, can produce lesser lumbar muscular damage than the classic approach, as it has been suggested [29] , with laboratory enzymatic [41] and blood-analysis studies [24, 37] and with MRI controls [24, 25, 41] . Is this reduced tissular damage leading these patients to a better and faster recovery of their daily life activities?
The aims of this study are, in first place, to confirm the intra-and postoperative advantages of mini-open approaches for lumbar spinal fusion in our environment. In second place, to study the analgesic requirements once the patients have been discharged from the hospital in a three-month follow-up. And in third place, to study the recovery of daily life activities in the first 3-months after lumbar spine surgery.
Methods
We studied a consecutive series of 30 individuals, without previous medical conditions, who underwent surgery from January to October 2007, with a circumferential (360°) lumbar or lumbosacral fusion at one-level using a posterior approach.
The indication for surgery was a degenerative discopathy in all cases, with or without disc herniation in patients who had not undergone previous lumbar spine surgery. Patients with spinal stenosis or isthmic spondylolisthesis were excluded. In all cases, the surgery was offered to the patients after six or more months of back lumbar pain for which conservative treatments had been unsuccessful or in cases of previous degenerative discopathy with acute neurological deficit or pain exacerbation. None of the cases had other lumbar discs showing MRI degenerative changes. All the patients underwent one-level fusion.
The subjects included in this study were randomized in two groups depending on their position in the ''waiting list'' for surgery. Patients included in the ''couples'' group underwent a 360°circumferential arthrodesis with the classic posterior approach (CL group); and patients included in the ''odds'' group underwent the same instrumented arthrodesis, but using the mini-open approach (MO group).
Surgical techniques
In the CL group (classic approach) the procedure was: medial approach, with a 12-cm length incision, one side subtotal facetectomy (symptomatic side), discectomy made from the symptomatic side and mono-portal TLIF. We added pedicle screw fixation, decortication of lateral facets and transverse processes and autologous bone graft extracted from the laminectomy and facetectomy.
In the MO group: two paramedian incisions of 2.5 cm length were performed, 3.5 cm lateral to the medial back line. Under fluoroscopic control the insertion of progressive wider dilators (METRx-MD Ò ) was done up to the 22-mm diameter. On this dilator, we slide the tubular retractor (QUADRANT). After removing the remaining musculature and identification of articular facets and transverse process, we made the subtotal facetectomy, discectomy, monoportal TLIF, pedicle screws placement, lateral facets and transverse processes decortication and bilateral autologous bone grafting in the same way as in the classic approach, but all across the tubular retractors. These tubular retractors allowed us to perform the surgery with binocular loupes or even under direct visualization. Two surgeons simultaneously, in each side of the patient, made the surgery (Figs. 1, 2, 3) . The intersomatic device used was a 25-mm CIO (PEEK Ò ), filled with autologous bone extracted from the resected laminas and articular processes. The height of the intersomatic device depended on the discal distraction. The sizes have varied from 9 to 12 mm. In all cases bilateral fixation was practised with pedicle screws (Legacy Ò ). While low back pain was the main symptom, most of the patients also presented unilateral sciatica, with the exception of three individuals who suffered bilateral sciatica. In these three cases, bilateral radicular liberation was performed.
The intertransverse fusion was performed with autologous bilateral bone graft in both groups. Bone extracted from the laminectomy is not much quantity, because in the transforaminal approach this laminectomy is minimal.
Bone taken from iliac crest and from the facetectomy was used. In the classic approach group iliac crest bone was extracted following the standard technique, through the posterior medial approach. In the Mini-open group the graft bone was obtained from the contralateral side of the TLIF, through the incision of this side. In all the cases there were no difficulties to reach the iliac crest because the levels affected were L4-L5 and L5-S1. No bone substitute was used in any cases.
In all the patients, drainages were placed in both sides.
Postoperative treatment
Haematocrit and haemoglobin controls were completed 3, 24 and 48 h after the surgery. Requirements for blood transfusion were assessed individually. None of the patients needed intraoperatory blood transfusion. All of them followed the same postoperatory drug treatment: 48 h of analgesic treatment (paracetamol 1 g/8 h, metamizol 2 g/8 h) and intravenous antibiotic. If the patient was suffering from pain, the rescue analgesic administered was subcutaneous methadone clorhidrate 0.1 mg/kg/12 h. Aspirative drainages were maintained during 48 h. In all cases, X-ray study was practised 48 h postsurgery, and then the patients were allowed to stand out of bed if no contraindication was found. They were discharged from hospital when they reached enough autonomy to stand up and when the pain was controlled with oral treatment. No orthesis was prescribed. At the time of hospital discharge, all patients received the same instructions. They were allowed to a self-control of analgesic requirement, supervised by their General Practitioner, always recording the type and moment they needed the drugs. After the first month, they were encouraged to start normal daily life activities. The patients were also instructed to control these activities on their own. 
Results

Intrahospitalary parameters
No major complications have been observed, including infections, medical complications or abnormal position of the pedicle screws or interbody devices. In the MO group there was one wound disruption that healed for secondintention.
The results are described in Tables 1, 2 and 3 , with significant differences in bold values. In the MO group, the frequency of estimated operative blood loss, the difference between pre-and postoperative haematocrit levels and haemoglobin values and the hospital stay were all significantly lower than in the CL group. The time of exposition to X-ray was higher in the MO group, when compared to the CL group, but differences were not statistically significant.
Similarly, we found no significant differences in the duration of surgery, in the postoperative bleeding (drainage), in the presence of sciatic pain or in narcotic requirements in the immediate postoperative period.
Analgesia in the first 3 months post-discharge The need of analgesics was much less frequent in MO group during the first 3 months postsurgery (Fig. 4) . ''Daily analgesia requirements'' diminished remarkably in both groups in the first days after hospital discharge. Nevertheless, beyond 20 days from the surgery, some differences were observed. This decrease continued in the MO group patients, and 40 days after the surgery no patients in this group needed daily analgesia. On the contrary, patients in the CL group needed daily analgesia up to 3 months as minimum (Fig. 4) .
Requirements of ''some kind of analgesia'' also diminished progressively in both groups. But, while in the MO group only 20% of the patients required analgesics in the 3-month follow-up, in the CL group this percentage was 53.8%, with statistically significant differences.
Clinical results three months postsurgery
In Tables 1 and 2 , descriptive and comparative statistics of the parameters studied are shown.
In Table 3 we observe that the Oswestry Disability Index (ODI) scores in patients of the MO group are much lower than in the CL group, with a mean difference of 15.5 points, being statistically significant (P = 0.005).
Mean values in all the parameters of disability assessed are lower in the MO group, when compared to the CL group in the first 3 months postsurgery. Remarkably, the differences were statistically significant in activities requiring ''moderate'' efforts (walking, standing, social and recreational Life, travelling, sex life), but not in activities requiring ''hard'' efforts (lifting) or ''light'' efforts (getting dressed).
An isolated evaluation, as well as the scores in the SF-36 physical scale (ten parameters addition; Table 4 ), confirm the Oswestry's test results. We found very significant differences between both groups in the SF-36 physical scale scores (percentage difference of 15%, P = 0.001). Furthermore, the biggest differences remained in the recovery of activities requiring ''moderate'' efforts (climbing several flights of stairs, walking several blocks). We have not found significant differences in activities requiring ''great'' efforts (vigorous activities, lifting or carrying groceries, bending, kneeling or stooping) or ''light'' efforts (walking one block, bathing or dressing).
Discussion
The 360°single-level lumbar fusion for degenerative discopathy producing chronic lumbar pain is an alternative treatment widely accepted, once the conservative therapies have been unsuccessful. The possibility of achieving this 360°single level fusion using mini-invasive approaches has been developed recently [10, 13, 33] and different techniques have been published to obtain it: mini-invasive ALIF [28, 36] and posterior percutaneous pedicle fixation, PLIF and pedicle fixation [33] , uniportal TLIF and percutaneous [10, 19, 23, 24, 32, 40] or ''mini-open'' [7, 30, 32] pedicle fixation, uniportal TLIF and unilateral pedicle fixation with or without fixation of contralateral facet [4, 7, 20, 44] . We have chosen the Quadrant retractor because it allows us to make a bilateral ''mini-open'' approach. Through this double approach a discectomy and decompression can be made, either in the symptomatic side or in both sides, to place an intersomatic device uni-or bilateral, to decorticate the articular facet and transverse process and to place pedicle screws under direct vision or with binocular loupes, with no need of microscope or endoscopy. Besides, through one of these small approaches it is possible to extract autologous graft from iliac bone. In our ''mini-open'' MO group, just in one case bilateral radicular decompression was made, in the rest of the patients we have placed uniportal TLIF from the symptomatic side. A mini-approach in the non-symptomatic side was made to place pedicle screws under direct vision, decortication of articular facets and autologous bone grafting. A correct insertion of screws is easier for us in identifying the facets and transverse processes under direct vision than making it percutaneously. This bilateral mini-approach can be made with two surgeons working simultaneously. In our opinion, that is the reason because of our surgery duration is not as long as in other studies, in spite of the learning curve.
No major complication has been reported in our group, although we agree with Foley et al. [10, 13] who say this is a difficult procedure in which you need a good 3-D knowledgement of lumbar spine. We also confirm that L5-S1 space is more ''uncomfortable'' than the L4-L5 one. In our sample, with a one-level degenerative discopathy, the most frequent affected disc was the L5-S1.
The first advantage of this mini-invasive technique is a lesser operative and postoperative blood loss [19, 33, 40, [7, 19, 33, 40] , none of the patients with a mini-open approach needed blood transfusion. During the surgery we used radioscopic control. The average time of exposure has been greater in the miniinvasive surgery that in the classic one. We think that it will be decreasing as we have more experience, but objectively in the same conditions it is necessary to use more time of Xrays in the mini-invasive techniques than in the open ones [33, 45] . Our operative and postoperative results (length of surgery, X-rays exposure, bleeding and hospital stay) do not differ from the wide range of results previously reported in these surgeries [7, 19, 20, 33, 40, 44] .
We had neither intraoperative complications (dural tears) nor wrong-positioned devices (screws or intersomatic devices). We attribute that to the exclusion of any patient with previous surgery or spinal stenosis. The TLIF is safer than the PLIF technique because of the risks of dural tears, since a minimum resection of the ligamentum flavum and a smaller separation of the nerve root are needed [15, 19, 40] . On the other hand, with a uniportal TLIF technique, a subtotal excision of the joint facets of one side is made, so it would be more exact accurate to name call it a 270°instead a 360°fusion.
Other advantages attributed to the mini-invasive approaches are the lesser postoperative requirements of analgesic drugs, and a shorter hospital stay [7, 19, 33, 40, 44] . In our group we confirm that hospital stay has been significant minor in the ''mini-open'' group; nevertheless, the narcotic demand in the first days after surgery has not been significantly different in both groups. The lesser blood loss, the smaller requirements of transfusion and the shorter hospital stay of the mini-invasive surgeries can support their economic advantages [47] .
The smaller scar can be a cosmetic and psychological advantage for the patient. Nevertheless, once the patient is discharged from hospital, the clinical results in the shortand mid-term rewarded the effort of the surgical team. For us, it was very important to appreciate if a smaller vascular and neurological injury of the lumbar musculature in the mini-invasive surgery provoked less pain in the first months and a faster and better recovery of daily life activities.
Although we have not confirmed a smaller analgesic demand during the hospital stay [19, 33, 40] , we have proved that in the first 3 months after surgery these analgesic requirements are significantly lower in the ''miniopen'' group. This could be explained by a minimum injury of the lumbar musculature.
In our study we have documented that patients in both groups had a fast recovery of activities requiring ''light'' efforts (getting dressed, sitting, sleeping, walking one block, having bath); and that a few patients in both groups could perform activities requiring ''great'' efforts (lifting heavy things, running, participating in sports, bending, kneeling or stooping) 3 months after surgery. Nevertheless, activities requiring ''moderate'' efforts (walking more than a mile, standing, social life, travelling, having sex) were significantly sooner recovered in patients of the mini-open (MO) group. Further studies must reinforce these findings, suggesting a faster muscular recovery in patients undergoing mini-invasive approaches.
There are no evidences about the clinical results of the 360°single level lumbar fusions being better with miniinvasive techniques than with conventional open surgery. Several studies of mini-invasive techniques have been published, reporting hopeful early results in a 1-year follow-up [33, 40] . Nevertheless we do not have knowledge of any comparative report studying functional recovery in the first months after surgery.
Although to evaluate definitive results of spinal fusion, a minimum follow-up of 1 year is necessary, and the recovery of the daily activities must be an objective of the lumbar surgery, in our study we observed that 3 months postsurgery, the recovery of activities of daily life is significantly better in the ''mini-open'' group, measured by Oswestry's test and the ten parameters of the physical scale in the SF-36, validated as standard outcome measures [9, 34] .
This fact, added to a lower ingestion of analgesic drugs, in our opinion, is the result of a smaller vascular and neurological damage of lumbar musculature with a miniinvasive approach. This is not in contradiction with studies demonstrating comparable clinical results in a 1-year follow-up between classic and mini-open approaches, since the lumbar musculature recovery takes place throughout several months in patients undergoing classic approaches.
We are conscious about the limitations of this study. The size of both groups is short to draw definitive conclusions; the period of follow-up is short and there can be differences in the long-term, specially if the intersomatic fusion is not achieved; and the better and faster recovery of physical activity does not predict the same rate of fusion with miniinvasive than with open approaches techniques.
Although we cannot predict comparable clinical results in both groups in the long term, we have confirmed that the hospitalary parameters (operative bleeding, haemoglobin and haematocrit decrease and hospital stay) are significantly better in the ''mini-open'' approach patients than in the classic approach ones. The smaller analgesic requirements during the first three months and the better recovery of the activities of daily life, as well as the satisfaction of the patient in the ''mini-open'' group, is, to our opinion, the result of a smaller vascular and neurological injury in the lumbar musculature caused with a ''mini-open'' in comparison to the classic approach of the lumbar spine. Finally, we think that the technical effort of undergoing the ''learning curve'' is really worthy.
